The study examined consistency of reports concerning current and prior smoking behaviors. Data came from the [2002][2003] Tobacco Use Supplement to the Current Population Survey, where the current smoking behaviors and smoking history were reported by self-and proxy-respondents on two occasions, one year apart. The ever-smoking status is reported consistently, overall: Kappa coefficient is 0.78 with the corresponding 95% confidence interval given by (0.77, 0.78). One specific type of inconsistency of prior reports was assessed for respondents who were identified as never smokers at the latter assessment and former or current smokers at the earlier assessment. Based on the survey logistic regression that controls for multiple respondent characteristics and survey administration method, the estimated prevalence of such inconsistent self-reports is 9.0%, and prevalence of inconsistent proxy-reports is 5.4%. In addition, prevalence of recanting, i.e., future reporting never smoking for respondents who previously claimed to be a former or a current smoker was assessed. The recanting was shown to be most prevalent with respect to proxy-reports and former smokers: overall prevalence of recanting was estimated to be in the range 13% -19% for current smokers, and 27% -46% for former smokers. Our findings indicate that while, unexpectedly, proxy-respondents are more likely to report the ever-smoking status consistently than do self-respondents, the proxies are also more likely to incorrectly report never smoking in the future for smokers especially regarding adolescents and young adults. Therefore, the observed higher level of consistency for proxy-respondents may be due to proxies' incorrect knowledge which leads to consistent yet ambiguous responses.
Introduction Background
Ever-smoking status, i.e., smoking at least 100 cigarettes in the life-time, is the core information in the tobacco use research, and is assessed in many national surveys, e.g. the National Health Interview Survey (NHIS) [1] , and the National Longitudinal Surveys (NLS) [2] . The ever-smoking status provides the means for defining one's current smoking status as never smoker, every day smoker, someday smoker and former smoker, as is presented in the Appendix. Self-reported ever-smoking status, as well as several other smoking measures assessed in the surveys has been shown to be reliable [3] [4] [5] [6] .
As was previously pointed out [6, 7] , investigating consistency of ever-smoking reports is not as straightforward as in the case of some other smoking-related information which is expected to remain constant with time, e.g., age of smoking initiation. If the smoking-related information is not anticipated to change with time, strict consistency can be assessed using the prevalence of exact matches in the reports on two (or more) occasions. In contrast, because some subjects may start smoking between the surveys, their ever-smoking status may change with time, and for these subjects non-matching responses should not be treated as inconsistent ones. Thus, it is important to carefully identify truly inconsistent responses and refine the corresponding consistency measures.
Such a careful differentiation between the consistent and inconsistent reports was used in a study [7] , where recanting (denial of previous smoking reports) was defined and the patterns of recanting was examined across different smoking stages (never, puffer, light, occasional, regular, ex-smoker). The study used the adolescent and young adult reports to the 1995 and 2001-2002 National Longitudinal Study of Adolescent Health surveys. The study investigated potential influence of age, gender, race/ethnicity, poverty status, and other factors on the prevalence of recanting. It was shown that the prevalence of recanting is higher in respondents who indicated less frequent/intense smoking behaviors in 1995. In addition, it was shown that male reports may be less reliable than female reports, and minority youth respondents may be more likely to recant their smoking behaviors than do white youth respondents. Moreover, the authors demonstrated that the relationship between the prevalence of recanting and other factors may be quite complex. Test-retest reliability of smoking behaviors in adolescents and young adults, and influence of demographic and other factors on the reliability level was also investigated in several other studies [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Since many national surveys allow interviewing proxy-respondents (e.g., partners, parents, friends) if the intended subjects cannot be surveyed, confirming validity and reliability of proxy-reports is also essential. Indeed, while inclusion of proxy-respondents helps reduce survey costs and increase the response rates, inclusion of proxy-reports may also lead to under-reporting the smoking behaviors [17, 18] . In addition, the data quality may depend on the interview method (phone, in-person) [18] [19] [20] , race/ethnicity [21] , as well as the joint effects of respondent and survey characteristics [6, 7, 21] .
Data and study objectives
In this paper we address consistency of self-and proxy-reported ever-smoking information in the 2002-2003 Tobacco Use Supplement to the Current Population Survey (TUS-CPS) that had two survey waves, in 2002 and 2003. The TUS-CPS is sponsored by the U.S. Bureau of Labor Statistics and fielded by the U.S. Census Bureau [22] . The surveys were administered to self-or proxy-respondents using a phone or in-person interviews: the "phone" interview method refers to the interviews conducted over a phone both times, "inperson" interview method refers to the interviews conducted once in-person and once over a phone; the "self" respondent type refers to the instances when self-respondents were interviewed both times, the "proxy" respondent type refers to the instances when proxyrespondents were interviewed both times, and "self-proxy" respondent type refers to the instances when self-respondents were interviewed once and proxy-respondents were interviewed once.
Our first goal is to assess specific type of consistency in the ever-smoking reports. For this purpose we limit our consideration to respondents who claimed (themselves or by proxies) to be never smokers in 2003. Then respondents who claimed (themselves or by proxies) to be never smokers in 2002 are said to provide consistent responses, while the respondents who claimed (themselves or by proxies) to be former or current smokers in 2002 are said to provide inconsistent responses. For simplicity, this measure is called the ever-smoking status (consistency). We identify the relationship between the prevalence (logit) of consistent reporting of ever-smoking and key intended subjects', respondent and survey characteristics. Next based on the identified relationship we test whether the prevalence of consistent responses depends on (1) the respondent type (self, proxy, self-proxy), (2) the joint effect of the respondent type and the intended subjects' age (15-24, 25-44, 45-64, 65+), (3) the joint effect of the respondent type and intended subjects' gender (male, female), and (4) the joint effect of the respondent type and interview method (phone, in-person, mixed). Finally, if any of the joint effects are identified to be significant, then within each particular subpopulation we assess whether self-reporting leads to different prevalence of consistent responses when compared to proxy reporting and self-proxy reporting.
Our second goal is to assess another specific type of disagreement, here called recanting. As is mentioned in the Section 1, self-reports and in-person interviews are expected to result in accurate and valid current smoking information, this is why we define recanters as subjects who self-reported being a current or former smoker in 2002 via in-person interviews but who later (2003) claimed never to have smoked (via self-report or proxy report). First, the overall relationship between the prevalence (logit) of future reporting never smoking and key characteristics are identified based on self-reports done in-person in 2002. Then the relationship will be used to assess whether the prevalence of future reporting never smoking for recanters depends on (1) the joint effect of the respondent type (self, proxy), intended subjects' smoking status (current smoker, former smoker) and age; (2) joint effect of the respondent type, intended subjects' smoking status and gender; and (3) joint effect of the respondent type, intended subjects' smoking status and the interview method (phone, inperson); where the respondent type and interview method refer to the 2003 wave, and current smoking status refers to the 2002 smoking status. Finally, we test whether the self-reporting results in different prevalence of future reporting never smoking than does proxyreporting within each specific subpopulation of recanters (provided there is a significant corresponding joint effect).
Materials and Methods
We used the Balanced Repeated Replications approach with replicate weights [23] to properly adjust for the complex design of the TUS-CPS. The BRR was used to produce all data summary statistics, Kappa coefficients, as well as logistic regression models. We used SAS/STAT ® 9.2 software [24] and SUDAAN ® 11 software [25] to perform the statistical analyses.
There are 22,255 subjects who reported their smoking status in 2002 and 2003 and have complete information with respect to all characteristics of interest. Tables 1 and 2 illustrate the weighted summary statistics for the samples corresponding to ever-smoking and future reporting never-smoking measures, respectively.
The strict data agreement was measured using Kappa coefficient. Kappa is an overconservative measure because it incorrectly allocates respondents who started smoking between the surveys into "inconsistent respondent" group. Since we believe that Kappa should be used for explorative purposes only, we do not perform any specific testing across the respondent types in terms of Kappa measures; the reported intervals should not be mistreated as the 95% simultaneous confidence bands.
The logit of consistent ever-smoking status responses is modeled as a function of the baseline demographic characteristics of the intended subjects, i.e., age, gender, race/ ethnicity, metropolitan status and region, as well as the interview method (phone, in-person, mixed), and respondent type (self, proxy, self-proxy). The initial model contained all twoway interactions (in addition to the main effects). Then the back-ward elimination approach was used to exclude all insignificant (at 5% level) two-way interactions provided the interaction did not correspond to the relationship of interest; interactions corresponding to the relationships of interest were kept in the model despite their insignificance.
The logit of future reporting never smoking was modeled as a function of the baseline demographic characteristics (mentioned above), current smoking status, and 2003 respondent type and 2003 interview method, as well as all two-way and specific three-way interactions. Since our primary interest is to identify the factors associated with recanting, the three-way interactions among (a) age, smoking status and respondent type, (b) gender, smoking status and respondent type, and (c) interview method, smoking status and respondent type were included, where smoking status corresponds to the 2002 current smoking status which is recorded as never smoker, smoker (someday or everyday) and former smoker; and the respondent type and interview method refer to the 2003 assessment. This model was then used to assess objectives corresponding to the recanting.
Based on the final models, the specific objectives stated in Section 2 with respect to eversmoking status and recanting were investigated individually, each at an overall 5% significance level. In the case of a significant joint effect of interest, the corresponding planned comparisons were performed using the Bonferroni adjustments for multiplicity. All hypotheses were tested against the corresponding two-sided alternatives stating that there are differences across the subpopulations, so all reported p-values correspond to the two-sided tests.
Results
Out of 8,967 respondents who were ever-smokers in 2002, 82.3% were ever-smokers in 2003, while 17.7% were never smokers in 2003. In addition, out of 13,288 who were neversmokers in 2002, 6.1% were ever-smokers and 93.9% were never-smokers in 2003. Also, we observed that out of 1,358 respondents who self-reported to be a current smoker in 2002, the percent of recanting is 13.5%, while out of 1,640 respondents who self-reported to be a former smoker in 2002, the percent of recanting is higher, that is 25.1%, As is expected, the overall percentage of consistent responses is relatively high for the eversmoking status, i.e., 89.9% ( Table 1 ). The Kappa statistics also confirm relatively high level of data consistency: the Kappa coefficient is 0.7736 (SE=0.0028; 95% CI=(0.7681, 0.7790)). The Kappa coefficients corresponding to self, proxy and self-proxy subpopulations are given, respectively, by 0.7909 (SE=0.0032; CI=0.7844, 0.7973), 0.7555 (SE=0.0106; CI=0.7345, 0.7765), and 0.7152 (0.0066, CI=0.7021, 0.7283).
Ever-smoking status
The final models corresponding to the ever-smoking status measure contains a large number of two-way interactions (in addition to all main effects), the model is significant at 5% level (Chi-Square=3,915,938, df=83, p<0.0001).
Objective 1-There are multiple significant interactions that involve the respondent type (i.e., with age, race/ethnicity, metropolitan status, and region), and the main effect is also significant (p<0.0001). Therefore, we conclude that the prevalence of consistent responses depends on the respondent type. This model-based conclusion is also supported by the Rao-Scott test for independence (Wald F(2, 79)=33.1, p<0.0001): self, proxy and self-proxy respondents do differ significantly in terms of the prevalence of consistent responses. As is depicted in Table 3 the model results in somewhat unexpected patterns: the predicted prevalence of consistent responses is 91.0% for self-respondents, 94.6% for proxyrespondents, and 91.7% for self-proxy respondents. Non-modeled data result in the similar pattern: the observed weighted proportions are 89.5% for self-respondents, 92.9% for proxyrespondents, and 89.8% for self-proxy respondents. The differences are significant between the prevalence of self-and proxy-reports (Chi-square=26.0, df=1, p<0.0001), proxy and selfproxy reports (Chi-square=14.5, df=1, p=0.0001), but there is no significant difference between self and self-proxy reports (Chi-square= 1.4, df=1, p=0.2360).
Objective 2-There is a significant two-way interaction between the respondent type and age group (Chi-square=49.2, df=6, p<0.0001). Planned comparisons between the respondent types (each at 0.625% significance level) result in the following conclusions: the 15-24 year old self-respondents are less likely to provide consistent responses than are the proxy and self-proxy respondents, in addition the 25-64 year old self-respondents are less likely to provide consistent responses than are the proxy respondents.
Objectives 3 and 4-
The interactions between the respondent type and gender (p= 0.7401) and the respondent type and interview method (p-value is 0.1472) are not significant, after controlling for the other covariates. Therefore, the differences in the proportions associated with the respondent type are similar for females and males, and across the three interview methods.
Future reports of never smoking; recanting
The final model (Chi-Square= 41,683, df=93, p<0.0001) contains three significant three-way interactions: the interaction between the respondent type, current smoking status and age (Chi-Square=26.67, df=6, p=0.0002), respondent type, current smoking status and gender (Chi-Square=9.32, df=2, p=0.0095), and respondent type, current smoking status, and interview method (Chi-square=6.46, df=2, p=0.0396). Table 4 presents the predicted proportions of future reporting never-smoking with respect to each subpopulation of interest.
The prevalence of future reporting never smoking depends on the joint effect of the respondent type and current smoking status. The non-modeled weighted sample proportions of reporting never-smoking for 2002 current smokers are 0.13 (SE=0.01) and 0.16 (SE=0.02) for self-and proxy-reports, respectively; and for 2002 former smokers the proportions are 0.24 (SE=0.01) and 0.33 (SE=0.02) for self-and proxy-reports, respectively. The model results in the similar patterns, depicted in Table 4 : while self-respondents are less likely to recant than are proxy-respondents, the odds ratio is significant only for 2002 former smokers. Also note that the prevalence of recanting for 2002 former smokers is higher than it is for 2002 current smokers, the result is consistent across the two respondent types.
Objective 1-Self-respondents (who indicated current or former smoking in 2002) of any age are less likely to recant than do proxy respondents. However, the differences in prevalence of recanting are significant only for 45-64 subjects who were current smokers in 2002 and 25-44 subjects who were former smokers in 2002.
Objective 2-Significant differences in prevalence of recanting correspond to females who were current smokers in 2002 and males and females who were former smokers in 2002: within each subpopulation the self-respondents are less likely to recant than are proxyrespondents.
Objective 3-Significant differences in prevalence of recanting correspond to respondents who were current smokers in 2002 and whose smoking status was reported via a phone interview in 2003 and respondents who were former smokers in 2002 and whose smoking status was reported via a phone or in-person interview in 2003: within each interview method and prior smoking status subpopulation the self-respondents are less likely to recant than are proxy-respondents.
Discussion
We observed that the ever-smoking is reported, overall, consistently. However, the prevalence of consistent responses varies across the respondent types and depends on the age of intended subjects. There is an unexpected finding that proxy-respondents are more likely, overall, to provide consistent responses than do self-respondents. However, our additional analyses concerning the prevalence of recanting indicated that proxy-respondents are actually more likely to incorrectly report subjects' never smoking in the future than do the self-respondents, and the differences also depend on other characteristics. The consistent finding was that the largest prevalence of recanting is observed with respect proxy-reports rather than self-reports, and concerned individuals whose prior smoking status was a former smoker rather than current smoker. This agrees with related findings that denials are more common in occasional smokers rather than everyday smokers [7, 26] .
Our findings with respect to ever-smoking status and recanting may suggest that although proxies are more likely to provide consistent responses, they are also more likely to provide inaccurate information than do self-respondents, thus validity of proxy-reports is questionable. Furthermore, the extent of the discrepancies between the self-and proxyreports may depend on other factors.
The study has several limitations. The planned comparisons were model-based. Since the models may be, potentially, improved to better fit the data, the corresponding new estimates may lead to different conclusions. However, since the presented non-model and model based estimates agree, we do not anticipate any drastic changes in the conclusions. Also, we examined only the prevalence of consistent responses provided one-year apart. The larger time periods between the surveys may result in smaller prevalence of consistent responses, as was previously observed in other studies [3, 7] . Table 1 Sample corresponding to ever-smoking consistency measure: sample count and percentage (in parentheses) corresponding to the population count (provided in the Overall row). Table 3 Model-based predicted proportions of consistent responses and the corresponding standard errors, overall odds ratios of consistent responses with the corresponding standard errors (top entry) and p-values (bottom entry).
Self Respondents Proxy Respondents

Prevalence of consistent responses across 2002 Respondent Type Odds ratios of consistent responses
Self Proxy Self-proxy Self versus Proxy Self versus Self-proxy Overall 0.91 ± 0.00 Table 4 Future reporting never smoking: model-based predicted proportions (with standard errors), odds ratios with standard errors and corresponding p-values. Note: Significant (after multiplicity adjustments) results corresponding to tested hypotheses are highlighted in bold;
Current
* indicates the p-value less than or equal to 0.0001.
